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A QUICK OVERVIEW




[ J. Alwall, R. Frederix, S. Frixione, V. H, F. Maltoni, O. Mattelaer, H.-S. Shao, T. Stelzer, P. Torrielli, M. Zaro ]

This separation 1s transparent to the users.

Publicly available since 8" Nov. 2012

(Reference paper came out recently, [hep-ph/1405.0301] )
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MADGRAPHS AMCGENLO

FRIEND OF USERS

* Process generation

 import model <model name>-<restrictions>

‘> generate <process> <amp_orders_and_option> [<mode>=<pert_orders>] <squared_orders>

v

output <format> <folder_name>

v

launch <options>

+ Examples, starting from a blank M G5 interface.

+ Very simple one:

> generate p p > t t~ [QCD]
> output
> launch

-+ With options specified:

import model loop sm-no_hwidth

set complex _mass_scheme

generate p p > e+ ve mu- vm~ b b~ / h QED=2 [QCD]
output MyProc

launch -f

vV VvV VvV VvV VvV



[Frederix et al. 1401.7340]

HH PRODUCTION AT PP COLLIDERS

HH production at pp colliders at NLO in QCD
M,=125 GeV, MSTW2008 NLO pdf (68%:cl)
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ONLO[fb]

[Frederix et al. 1401.7340]

HH PRODUCTION AT PP COLLIDERS

HH production at pp colliders at NLO in QCD
M,=125 GeV, MSTW2008/NLO pdf (68%:cl)
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HH PRODUCTION AT PP COLLIDERS

HH production at pp cglliders at NLO in QCD
My=125 GeV, MSTW2008 NLO pdf (68%:cl)
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STATE OF THE ART IN 2000

Accuracy
[loops]

3 Inclusive NLO and LO+PS was to the Tevatron era what ...

‘ Fully inclusive

‘ Parton level

ol 1@ @ S Matched

‘ (and automatic)

Kin. complexity
[final state legs]
>

1 92 3 45678 910
 ValemtnHirschiSLAC  LoopFestXHLNYCCT 1806204 6



STATE OF THE ART IN 2014

Accuracy
[loops]

A
3 .......... Inclusive NLO and LO+PS was to the Tevatron era what ...

.. iInclusive NNLO and NLO+PS is to the LHC era

‘ Fully inclusive

‘ Parton level

M 11 ‘ .......... ‘ ........... ‘ .......... “ Matched

‘ (and automatic)

Kin. complexity

[final state legs]
>

1 92 3 45678 910
 VeleniinHischi SLAC  LoopFestXILNYCCT 18062014 6



[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Syntax Cross section (pb)

Vector boson +jets LO 13 TeV NLO 13 TeV

al pp—WTE p P > Wpm 1.375+0.002 - 105 F1oax F20% 1.773+0.007 -10° 5% 107
a2 pp— WTEj pp > wWpn ] 2.045 + 0.001 - 104 jﬂg? jﬁ% 2.843 4+ 0.010 - 104 fg;ﬁ‘;‘; f};g‘:;;;
a3  pp— Wtjj pp>vwpnjj 6.805 + 0.015 - 10° jfg'ﬁ fg;ﬁg 7786 +0.030 - 103 jg;ﬁ';g fg;gg;
ad  pp— Wi pp>wpm j jj 1.821+£0002-10° 000 T038  2.005+0.008 - 10° 77 Foon
a5 pp—Z Pp>z 4.248£0.005 -10* 120 *IEE 5410200224100 Fogn Y0
a6 pp— Zj PP>Zj 7.200 + 0.005 - 103 jﬁ*ﬁg ﬂf_’g 0.742 4+ 0.035 - 103 fﬁ;gﬁ,:g ﬂ;gg
al  pp— Zji PP>2z 3] 2.348 +0.006 - 108 23T +06% 9665 +0.010 - 103 2% HOTE
a8  pp— Zjij pp>z3j 3] 6.314 + 0.008 - 102 jggigg jg;gg 6.006 + 0.028 - 102 j;;;‘f;g fg;g".;,g
a0  pp—nj pPpP>aij 1.964£0.001 - 10* F312% +17% 5218 40.025 - 10¢ F21A% LT
a.10  pp—~jj pp>aijj 7.815+£0.008 - 103 +325% +09% 1004 £0.004 - 10* F5NE HO5%




[J. Alwall et al. 1405.0301]

AUTOMATIC

NLO IN THE SM (2014)

Process Syntax Cross section (ph)

Vector-boson pair +jets LO 13 TeV NLO 13 TeV

bl  pp—WHTW~ (4f)  pp > wt w- 7.355£0.005 - 10" YEU% FHOE 1.028 £0.003 - 107 3% 9%
b2  pp—ZZ ppr>zz 1.097 £0.002 - 100 2% FIO% 141540005 -100 R AR
b3  pp— ZWE pp >z vpm 27770003 - 100 T30 HI0R 448740013 -100 R IR
bde  pp—yy ppraa 2510£0.002 - 10" Y300 TRUE 6593+ 0.021-100 FIER YO
b5 pp—vZ pp>az 2523 £0.004 -100 PR RER 3.695+0.013 .10t H3OR FLOE
b6  pp—qWi pp>a wpn 2.954+0.005 - 100 5% H20% 799440026100 HITE HIS%
b7 ppoWHW—j(4) pp>wrw-j 286540003100 FILERALO%  go3n4 0013900 AR HLL%
b®  pp—ZZj PP>ZZ ] 3.662£0.003 - 100 T00% IS 4830 £0.016 - 107 FELE LA
bo  pp— ZW3Ej PP >z vpn j 1.605+0.005 - 100 T80 +0% 2,086 +0.007 - 100 HILE DI
b.10  pp— i pp>aaj 1.022 0,001 - 100 FIIR AL 9992+ 0010 100 HITE TR
b.11* pp—vZj pPp>az] 8.310£0.017 - 107 F3EE LR 1.220£0.005 - 100 FTEE FO0E
ba2* pp—yW3j PP >awpn ] 2546 £0.010 - 100 FETR AN 371340015 100 TR OO
b.13  pp— WHWtj; pp>wtwtjj 148420006100 FRO% FRUE 995140011 .10 SR FREE
b14a  ppW-Wjj pp>w w- jj 6752400071072 FEO% LR 1003 +0.003 1070 TS TR
b5 ppWI W jj(4f) pp>wtw-j j 1144+0002-100 T2 FRTE 1396+0.005 .10 FEIE 0T
b16 pp— ZZjj PP>Z22Z]j 1.344 £0.002 - 10° T80 Y05 L706+0.011 -10° F3IE DR
b17  pp— ZWEjj pp>zwpmjj 8.038+0009.10° PETE LR 0139+0.081 .10 F3IE HOTE
b.18  pp—vij pp>aajj 53770029 -100 20 40S% 7501 £ 0.032 -20° HIE LR
b.19*  pp—vZjj PP>azj ] 3.260+0.009 - 100 +ILEE AR 424240016 - 100 FE3F FOE
b.20* pp—yWtjj pp>awpmjj 1233+0002.100 T AOEE 144800005 -100 FIER A0




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Syntax Cross section (pb)
Three vector bosons +jet LO 13 TeV NLO 13 TeV

cl  ppWHW-W= (4f) pp > w u- wpm 1.307+0.003 -10-1 P08 0% 210040006 -1070 R TIO0
c2  ppsZWEW- (4) pp >zt w- 0.658+0.065 - 1072 T08% +21% 16704 0,005.10"! +63% +16%
c.3 pp—}gzwi PP>ZzZ wWpm 2.996 4+ 0.016 - 102 tiﬁ i_?g% 5.550 4+ 0.020 - 102 tiﬁ% t}i%
c4 ppZZZ ppr>zzz 1085+ 0.002 - 1072 P08 9% 141740005 .10 5TE TIO0
c.5 pp—yWTW = (4f) PP >awtw 1.427+0.011 - 1071 téig@ tfnsg 2.581 4+ 0.008 - 10! ti-.;;g ti‘:i
cb  pparyyWE PP>aawpm 2.681+0.007 -10-2 *3g% F1E% 825140032 -10-2 FTER H1O0
eT  ppanZIWE pp>azwupm 499440011 -10°2 8% +19% 4 11710004 1071 FT2E 12
c8 pp—yZZ PpP>azz 231840004 -10-2 F3E8 TR 347740015 -1072 TR HIAE
cd  pp—yyZ ppraacz 3.077+£0.008 -1072 1518 TR 457120017 .10 HER LO0
c.10  pp—yry Pp>aaa 1.269 + 0.003 - 1072 ti’ﬁlﬁ% t?:ﬁ 3.441 £0.012 - 1072 ﬂig% ﬂ;g?.
c11* pp>WHW-WEj (4f) pp > wtw-wpm j 916700101072 FTIROF 0% 1197 +0.004 -1070 FIEE 00
c12* pp—= ZWTW 3 (4f) PPp>zwtw j 8.340 4+ 0.010 - 1072 tigg& tllil:ﬁ 1.066 +0.003 - 10~} ﬂ?ﬁ. -l—_a:g%
c.13* pp—ZZW3j PP >z zZ wpm j 2.810+ 0.004 - 1072 F1§0% L0 3.660£0.013 - 107 FIER FLO%
c14* pp—ZZZj PP>ZZ2Z j 4823+ 0,011 - 107 FHIEE H 6341200025 -107F TLOE T
c.15*  pp—yWHW—j (4f) PPp>awt v j 1182+ 0.004 - 1071 FIOE AOER 123340004 -10° FIROR TLOR

c16  pp—yWij pp>aavwpmj 410740015 .10-2 FILE% +06% 5 g7 4 g3 . 10-2 FEE% 07
c1T pp—ayZWEj pp>azwpnj 5.833+0.023 -1072 F50% Toek  T.T64+£0025-107 FoiE FIEE
c18* pp—+ZZj pPpr>azzj 9.995+0.013 - 107 +2o0 HOF 137140005 .10 F2ER LU0
c19* pp—vZj PP>aazj 1.372+0.003 - 10-2 H00% 1% 2.0514+0.011 -10-2 FTE% +L0%
c.20*  pp—yyYi pp>aaaj 1.031+0.006 -1072 *i3aw T15%  2.020+0008 107 Fion 1on




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)
Process Syntax Cross section (pb)
Four vector bosons LO 13 TeV NLO 13 TeV
c21* pp—WHW-WIW~ (4f) pp > wt w- wt w- 572140014 -107% F578 H1°0 0,050 +0.035 -10-% Fr0E TR
c22* pp—WHW-W*Z (4f) pp>wtw- wpnz 63914007610~ *+L0% +300 1188 +0.004 -10-3 FR20 1T
c23* ppWHW Wy (4f) pp>wtw-wpma 811510064107 T332 F12% 15460005 1073 TLOE IR
c24* pp—WTW-ZZ (4f) PP wWtw-zz 432040013 - 107 TPIR HIR 7.107+0.020 -10-% FTOE LR
c.25* pp—WHTW = Z~ (4f) pp>wtw-za 8.403 +0.016 -10-* *5UR HIUR 1483+ 0004 -107F FTOE HLOR
c26*  pp— WHW oy (4f) pp>wtu-aa 5198 £0.012 - 107 TOEE HIE% g9381+0032.107% FTEIE LR
c2T* pp2WZZZ PpP>wWmzzz 5.862 £0.010 -107% F5I% T3ER 1240+ 0004 1074 FROE HITR
c28* pp—WEZZ~ PpP>WpR Z Z a 1148 £0.003 - 10-% FRER 170 2045 10,008 -10-% FIOOF IO
c29* ppaWEZyy pPp>wWpnzaa 1.054 40004 -10-* 100 YR 3.033+£0.010 -107¢ TR R
c.30*  pp— Whayyy PpPp>wpmaaa 3.600 +£0.013 - 10-%  *F00% +34% 1,246 +£0.005 - 10-4  FRIE 000
c31* pp—ZZZZ PpP>zzzZzZ 1.989 £0.002 - 10~% TR HIIR 2620 £ 0,008 -107% TROR IR
c.32* pp—ZZZy pprzzza 3.945£0.007 -107° IR R 522440016 -107° THIE TR
c33* pp—ZZvyy pp>zzaa 5.513+£0.017 - 1075 0% +21% 7518+ 0,032 -107% F5A% +20%
c.34*  pp—= Zyyy pp>zaaa 4790 £0.012 - 107% TR PR 7103 +£0.026 -107% AT IR
c.35  pp— vy ppr>aaaa 1.594 +0.004 - 1075 FLTRHIO% 338040012 -1077 FIUE S0




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Syntax Cross section (pb)
Heavy quarks and jets LO 13 TeV NLO 13 TeV
d1  pp—jj ] 1.162 +£0.001 - 105 100 1088 1.580+0.007 - 108 T50% Th-0E
d2  pp—iji PP> 33 £.940+0.021 100 TS AL o714 gg37. 100 F2I% FLI%
d3 pp—bb pp>b b~ 3.743+0.004 - 108 FHIE TISR 6438+ 0028 .10° TR IR
d.4*  pp—sbbj pp>bb~j 1.050 +£0.002 - 10° 13000 180 1327+ 0007 -10° FU0E. TiEw
» - - - +61. 8% +2.1% 3 48.2% +2.0%
d.5*  pp—bbjj pPp>bbe i 1.852 +0.006 -10° 1550 +20% 247140012107 2R FOOE
-1 +61.7% +2.9% -1  +209% +2.9%
d.6  pp—sbbbb pp>bb~bb~  5060£0007-1070 TR PR 873640034 -1070 HOR H
d7T  pp—tf PP >t t~ 458440003 -10% T S 674140023 -107 FIPE TR
- - 451 2. 2 8.1 21
d8 pp—tij PP >t te j 3.135+0.002 -10° FR 00 Y22E 4106+ 0015 -10° FIR LIS
d9  pp—tijj PP>t t~ 3 j 1.361 £ 0.001 - 10* F§L00% T20% 1795 +0.006 - 102 FI20% Tiow
Til -3  $631.8% +54% -2 S430.8% +55%
d.10  pp—stiti PP>ttette  4505£0005.107% TR ST 9901 40,028 107 PSR A
d.11  pp—stibb PP>tt~bb~ 6119+0004-10° FELIEAIIE 145240005 -100 FITEF PN




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Syntax Cross section (pb)
Heavy quarks+vector bosons L0 13 TeV NLO 13 TeV
2 +42.3% +2.0% 2 +20.8% +1.5%
el pp—W*bb pp>vwpmb b 3.074+£0.002 - 107 FO% TR 816240034 -107 FIEE TIOE
2 31.5 1.0 a 10.49 1.
e2  pp—Zbb pp>zbb~ 6.993+0.003 -10° F3H5% H1O% 123540004 -10° T +LOE
e3  pp—ybb pp>ab b~ L.731£0001 -10° F50% H8F 417140015 -10% TR IO
ed* pp—+Wbhj pp>wpmbb~j 186110003 10° *25% 0T 3.957+0.013 -10° TITO% T0TR
e5* pp—Zbbj pp>zbb~j 1604 £0.001 - 102 F320% W9 2805+ 0000 107 FIEE HOOE
» i . 2 +51.2% +1.0% 3 +18.9% +1.0%
e6* pp—ybbj pp>abb~j 781240017 107 TL0R IR 123340004 10 TR TIOE
e7  pp—tHWE PP >t t~ wpm 3.777T+0.003 -10-1 TROE TTF 5662+0021 1070 PR IR
Fy —1 +30.5% +1.8% -1 +5.7% +1.9%
e pp—tiZ Pp>ttez 5.273+£0.004 - 1071 ISR 00 759840026 1070 FHT FOOR
ed  pp—tiy pp>tt~a 1.204+£0.001 -10° FIR FIER 174440005 - 100 PR LT
el0* pp—tHWEj PP>tt~wpmj 2352400021070 TR0 YigR 3404400111070 e Food
. E— . _ 46. 3, _ 0 2.5
ell* pp—tiZj PpP>ttzj 3.953 £0.004 - 1071 TR A2IR 07440016 1070 FTUE FRAR
el2* pp—tfyj PP >tt~aj 8.726 £ 0.010 - 10~ TR H2E% 11354+ 0.004 - 100 FTEE PR
. P — — 30. 21 — 10. 21
eld* pp—+HW W+ (4f)  pp >t t~ wtw-  6.675+£0006 107 IO R 0.004 40026 1073 TR0 R
. Flt -3 +26.6% +2.5% -1 +106% 4+2.3%
eld* pp—tiWZ PP>ttewpmz 240440002107 FIE% 422E 3595 4 0.010 1073 FDE% +24%
el5* pp— Wiy PP>tt~wpma 2718+0003-107° HEon YR 3.027+0013 1070 FpAE HOE
el6* pp—ttZZ PP>ttw~zzZ 1.349 £ 0.014 - 10~* tﬁ:ﬁ ﬂ;@ 1.840 + 0.007 - 10~3 t;-.gg t}ﬁ
. a -3 4301% +1.7% -3 +5.7% +18%
elT pp—tiZy pp>tt~za 2.548 +0.003 - 10~F FIE LT 3656 £0.012 1077 PR LR
el8* pp—tiyy pp>tt~aa 3.272+0.006 -10-3 T384% +13% 44024+ 0015 - 103 T7EE 414




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Syntax Cross section (pb)
Single-top LO 13 TeV NLO 13 TeV
£1  pp—+tj (tchanmel) pp > tt j $% wt w- 1.520 £0.001 -10° TR TR 15634+ 0.005 107 TR FOA0
£2 pp—styj (t-channel) pp > tt a j $$ w+ w- 9.956 +0.014 - 1071 FEOE YR 1017+ 0.003 - 107 FI5E FOEE
£3  pp—+tZj (t-channel) pp > tt z j 3% wt w- 6.967 +£0.007 -10-1 F32E +05% 6903+ 0021 -10°F F14F 0O
f4 pp—thj (t-channel) p p > tt bb j $§ wt w- 1.003 £0.000 - 107 F358 TR 1319+ 0003 107 FEIE OO0
£5* pp—+thjy (t-channel) p p > tt bb j a $% w+ w- 6.293 +0.006 - 10~ ISR HIOE 861240025 -1070 FEER IO
£6* pp—+thjZ (tchannel) p p > tt bb j z $$ w+ w- 3.934+0002 .10~ FIRTE LR 5657+ 0014 -1070 FTIR H0OR
f7  pp—+tb (s-channel) PP>W >thbe, pP>u >t b 7.489 £0.007 - 107 350 IO 1.001+0.004 - 100 +378 +1OF
£8* pp—rtby (schannel) pp>w>tbva, pp>w->t~ba 1490£0001-1072 FITE AL 1059+ 0.007 -1072 FTE% FITE
£9* pp—+thZ (schannel) pp>wt>tbvz, pp>w >t~bz LOT2£0001-107% F1E0 380 1539+ 0005 - 1072 +350 #1395




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Syntax Cross section (ph)
Single Higes production LO 13 TeV NLO 13 TeV
gl pp— H (HEFT) pp>h 1.503 £+ 0.003 - 10 jgg;g% j;f;"ﬁ 3.261 £ 0.010 - 101 jfg;f* j{ﬁ
g2  pp— Hj (HEFT) pp>h ] 8.367£0.003 - 10° To0. TiG. 142220006 0100 T000 T
g3 pp—Hjj (HEFT) pp>hjj 3.020£0.002 -10° FEIE T1OE 512420020 -10° TR 17
v P - . i +1.7% 1.95% . il +0.8% 205
g4 pp— Hij (VBF) pp>hijj$swrw-z 1.987 £0.002 - 10° 7% ;_;M% § 1.900 £ 0.006 - 107 *08 jl__ﬁ
g5 pp—+ Hiij (VBF) pp>hijjjsswtw z 282440005107 f;;;;ﬁ Hos 3.085+0.010 - 107 ig;ﬂﬁ j;ﬁ
g6  ppr HW' pp>h wpm 1195 £0.002 - 10° T5EE 9RO 1419400005 -10° TIME TLOF
g7  ppoHW'j pp>h wpm j 4.018£0.003 - 107" HLEF FLED 484220017 1070 FER2 FIE0
g8 pp— HW §5 pp>hwpmj j 1.198 £ 0.016 - 107} 1?;3;;@ tg;g; 1.57T4 £ 0.014 - 107¢ 13;2& :g;gg
g9  pp—HZ pp>hz 6.468 +0.008 - 107! F35E ji:i%ﬁ 76740027 - 107" FROE 4L
gll pp—HZj pp>hzij 2.225+£0.001 -1071 FO0F Tl 2667 £0.010 (1070 TR :;%E
g1l pp—HZjj pp>hzijj 7.262 + 0.012 - 10~° ffg;iﬁ tg;;g 8753+ 0.037 - 107° i;;iﬁ Ig:éﬁ
g2 pp—}HwJ_rw- (4f) pp>hwtu 8.325+0.139 - 107® ig;g% :ﬁ;gg 1.065 £ 0.003 - 10~ ﬂ;gg :ﬁ;gg
13" pp— HW pp>hwpm a 2.518 + 0.006 - 10~* iﬁ;;i j;;ﬁ 3309 £ 0011 -107° *2IE j;;ﬁ
gl4* pp— HZW? pp>hzwm 3763 £0.007 - 1077 FLIE 20T 5992+ 0.015 . 107%  FI9E SLAE
gl o HZZ pprhzz 2.083£0.003 - 107 TOLT TLEE O 2538+ 0.007 - 107 IR TIUE
g.16 pp— Hit pp>ht t~ 3.579 + 0.003 - 10~* 135*;2@ T 4608£0.016 - 107" TR F200
517 pp— Hij pp>htt] 4.994£0.005 107 F2OE T8 6.328£0.022-107F FRER TIOO
g.18  pp—s Hbb (4f) pp>hb b~ 4.983 4+ 0.002 - 10~ 13@;;@ P BOR5+£0.026 - 107 TTAE ALEE
g19  pp— Hitj pp>htt~j 2.674 4+ 0.041 - 107! j;g;g% FAEE 3.24440.025 - 1070 PRER jg;g%&
g.20°  pp— Hbbj (4f) pp>hbb~j 7.367 £ 0.002 - 10°° 1;;;&,-6 s 903440032 -107F tIEE HIEZ




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Syntax Cross section (pb)
Multiple Higgs production LO 13 TeV NLO 13 TeV
hl  pp— HH (Loop improved) pp > hh 1.772 £ 0.006 - 1072 tgﬁ;;; :'g-_égg 2.763 £ 0.008 - 1077 t{;;%;;z :'g-_égg
h2  pp— HHjj (VBF) PP>hbhjj8swrw-z 6503x0019-107% TG0 TS 6.820£0.026-107° 0 tﬂé
hd  pp— HHW® pPp>hh wpm 4.303 £ 0.005 - 107 ° t*:—_gmtf-_g%ﬁ 5002 £0.014 - 107 To0 THO2
hd*  pp—s HHW™j pp>hhwpo j 1.922 £0.002 - 1074 F142E <190 9918 £ 0,009 -107¢ FIIE LT
h5 pp— HHW pp>hhwna 1.952 £ 0.004 - 107° FE0N F22E 0 g3qrr0007 100" FIEE LT
h6* pp—+HHHW? pp>hhhwpm 3.989 £0.009 - 10-7 +32 tf'-s‘;’é 4590 £0.012 - 1077 *+18 tf'-s‘;’é
b  pp—HHZ pp>hhz 2.701 +0.007 - 107% F92 ’:';"_29;%% 3.130 £ 0.008 - 10~¢ Fl&% t207
h8* pp—HHZ] pp>*hhzj 1.211 £ 0.001 - 10~ ’;1‘;;;,7? j{-_;ﬁ 1.394 = 0.006 - 10~*% F2TE FLAE
h9" pp—HHZy pp>hhza 1.397 £ 0.003 -107° T3% t’;*-j.;é 1.604 £ 0.005 - 107" ﬂ-#% t’;*-_ﬁ.;é
h10* pp—HHHZ pp>hhhz 2.735 +0.006 - 1077 32 t’;*-_g.ﬁ 3154 £0.007 - 1077 FLT t’;*-_g.ﬁ
hil* pp— HHZZ pp>hhzz 2.309 £0.005 - 107% 37 tf'_?.&j 2.754+0.009 -107% 27 tf'_g.&j
h.12* pp—+HHEZW™ pp>hhzwum 3.708 £ 0.013 - 10~° jj—_gﬁ j’;’-jﬁ 4.904 £0.029 - 107° Jj;-_?% j’;’-_gﬁj
h.13* pp— HHW YW [(4f) pp>hhww 7.524 £0.070 - 1078 *32 t’;*-j.%a 9.268 £0.030 - 10°% 27 t’;’-_@.;é
hl4 pp— HHt pp>hhtt~ 6.756 £ 0.007 - 107° t';'i&%? YRR 7301400024 -107% TLER RS
h15  pp— HHYj pp>hhtt] 1844 + 0,008 - 107 008 FL8E 9 444 4 0,009 . 1075 TET F25%




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Svntax Cross section (ph)

Heavy quarks and jets LO 1 TeV NLO 1 TeV

il eTe =i e+ e- > 3 j 6.223 £ 0.005 - 107" 0% 638940013 -1070 02X
.2 efe —jjj e+ e~ >3 33 3.401 £0.002 - 107" T35% 3166 +£0.019 -1070 020
L3 eTe —jiij et e- >3 333 1.047 £ 0.001 - 107" FEO% 1,090 £0.006 - 1070 O
4 eTe” =jiiji et e >3 3333 2211 £0.006 - 1072 T30% 277140021 107 TLiE
5 eTe ol et e- > t t~ 1.662 £ 0.002 - 107" TO0%  1.745+0.006 - 1070 0%
.6  eTe ol e+ e~ > t t~ j 4813 £0.005 - 1072 T29% 50276 +0.022 107 )57
L7 eTe oty et e- >t t~ j ] 8.614£0.009 -107° FI202  1.084£0.005 -107° FEiy
LB"  eTem oty et e- >t t~ 3 3 1.044 £ 0.002 - 107° 3050 1.546 £0.010 -107F  FIVER
.9 efe —titl et e- >t t~ t t~ 64560016 1077 T 122140005 -107% T332

.10 ete —titly et &= > t t~ t t~ j 271940005107 TINUR 5338 £0.027 -107° T30
.11  eTe” —bb (4f) e+ e > b b~ 9.198 £ 0.004 - 107 FH0F  09.28240.031 -107F TOF
.12 eTe —bbj (4f) e+ e- > b b~ j 5029 £0.003 -107% T30 4826+0.026 107 037
L.13°  eTe —bhjj (4f) e+ &= > b b~ § ] 1.621 £ 0.001 -107% FRO% 1817 +0.009 -107F TOUE
.14 ee —bbjjg (4f) et e~ >bb~ j j 3§  364140009-107% T3I% 493640038 .107% I8
.15 eTe” — bbbb (4f) et e~ > b b~ b b~ 1.644 4 0.003 - 107 TI29% 36014 0.017 - 1071 T30
.16 ete —» bbbbj (4f) et e= > b b~ b b~ j 7660£0022-107° IO 153740011 1070 TITOR
L.17°  ete” — tibb (4f) et e- > t t~ b b~ 1.819 £ 0.003 - 107" T135% 2923 +0.011 -107" T
L18%  ete” —tibbj (4f) et e- >t t~ b b~ § 404540011 -107° T 7049 40052 1070 FIATH




[J. Alwall et al. 1405.0301]

AUTOMATIC NLO IN THE SM (2014)

Process Syntax Cross section (ph)

Top guarks +bosons LO 1 TeV NLO 1 TeV

j.1 eTe —itH g+ e- > t t~ h 2.018 4+ 0.003 -107%  F98% 191140006 - 107 FTOIE
j.2° eTe” = iiHj et e- >t t~ h 2.533 £0.003 - 10~ T2 2658 £0.009 - 1071 T3
13" eTe” = tiH et e- >t t~ h j j 2663 £0.004 - 1077 *120 327840.017 -107° 1Y
j4* eTe oty et e- >t t~ a L270£0002 - 107 o0 133540004 107 Fhg
i5T eTel ity e+ e- > t t~ a ] 2.355 4 0.002 - 107 *23% 261740010 -107F F1E%
j.6° eTe —tivij et e- >t t~aj ] 3.103£0.005 -107* 1200 400240021 107 F20
T eTe =iz et e- > t t~ z 4.642+0.006 - 107 0% 494940014 -107F O
8 eTe 2 itZj et e- > t t~ z j 6.050 £ 0.006 - 107 2% 6940+ 0028 107 FIOE
197 eTe = tlZjj et e- >t t~ z § j 6.351 £ 0.028 -107° FH2% g43040.051 -107° FREE
10 eTe” = itW gy et e- >t t~ wpm j § 2.400£0.004 .10°7 tiilgeﬁ 3799 4L 0.012 - 10-T fifg{,
j11° eTe” wHHZ et e->tt~hz 3.600 £ 0.006 -107% TH0%  3.579+£0.013 -107° fpE
§.12° eTeT sty Z et e- >t t~ a z 2.212 4 0.003 - 107 00T 9384 40.006 - 107 FOER
3.13*  ete” =ty H et e- >t t~ ah 9.756 £ 0.016 - 10~° 00" 9423 +0.032 -107% D
j.14"  eTe =ty et e- >t t~ a a 3.650 £0.008 -107* 90 3.833+£0.013 -107% 24
j.15°  eTeT = HZZ et e- >t t~ z 2 3.788 £0.004 -107° 002 4.007£0.013 -107° T2
j16"  eTe” —HHH e+ e- >t t~hh 1.358 £ 0.001 - 107° *0O% 1206 £0.003 -107° T2
P17 eTem s HWTWT et e- >t t~ wt w- 137240003 -107% TRUR 1540 40.006 - 1070 LO0




MORE COMPLICATED PROCESSES....

> More complicated one-loop matrix elements can be generated, and computed

for a single phase space point.

+ Use MadlLoop standalone mode, 1.e. [virt= <>]

+ Can easily create a ML dynamic library to interface to other Monte-
Carlo generator (as it 1s done 1n a still private plugin to Sherpa).

+ Being fully numerical, MadLoop generation time is not prohibitive.

Process toeneration | trun/ PS/hel. conf. | nicops | nioop_groups
g g~>dd~bb~t t~ [virt=QCD] 15 h 18.6 s 54614 18’190
uu~->dd~t t~ [virt=QCD QED] 28 min 895 ms 10947 1 811

U d~v > d d~ W"Z H [virt=QCD QED] 25 h 264 s 187138 | 8098

Detalls in [1405.030 |

+ No reason not to cross-check alternative computations of loop ME'’s vs MadlLoop



How IT DOES IT




WHAT DOES MADLOOP REALLY COMPUTE?

Agn,l)A(n,O)* S‘ S‘ (Z )\l(l) %y Nhl( ) ) (Z )\l()O)Bh,b>

Hml 1

b

colour h




WHAT DOES MADLOOP REALLY COMPUTE?

Agn,l)A(n,O)* S‘ S\ <Z )\l(l) ddﬁ Hi\n/;h ll Z RQ , l) (Z )\((,O)Bh,b>

colour h b




WHAT DOES MADLOOP REALLY COMPUTE?

A(n 1)A(n O)*‘non— Ry = S‘ S‘ (S‘ )\l(l) dd€ Nh l( ) > (Z AIEO)Bh,b)

Hml 1

b

colour h




WHAT DOES MADLOOP REALLY COMPUTE?

A(n 1)A(n 0)*‘n0n_ R, = S‘ S‘ (S‘ )\(1) dte Nhl ) (Z )\(O)Bh b)

my— 1
colour h H

, . o N ()] .
Ag ,1)A(n,0) . _ S: S: S: Red %7 Hmzh—,ll(l; Ay, Bz,b, Ay, = Z Al(l)Al()O)
nonT I h ! b _ 1=0 0,1 - colour




WHAT DOES MADLOOP REALLY COMPUTE?

(n 1)A(n 0)*‘non— R, = S‘ S‘ (S‘ )\(1) ddf H{?\l/;h l1 ) (Z )\(O)Bh b)
colour h 0,1

1) r 00 o N , )
At A0 =22 > Red| [ d% mf_’ll( 1>) AwBhy, A=Y MIAY
HonT iz h 1 b _ Hi:O il | colour
A1) 4(n,0)* _ Z Red ey 2n et 2 Nna(0) A B,
U o m
non—Kz / J : Dy,




WHAT DOES MADLOOP REALLY COMPUTE?

A(n 1)A(n 0)*‘n0n_ R, = S‘ S‘ (S‘ )‘l(l) ddg H{?\%/;h ll( ) ) (Z )\(SO)Bh,b)
colour h 0,1 b

=SS S Red | [ att 2y B A = N AN
h 1 b

ml—]_ ‘ ’
_ Hi:O Dz’l i colour

\ 4
d%e

T'max

OpenLoops parametrization N Z C L(;) on B

A A0

non— Ro

S‘h ylet S‘b/\/‘hl( )Alb
HZ% 1D’L Lt

A A0

= ZRed
t

non— Ro

[1111.5206]
F. Cascioli, P. Maierhofer, S. Pozzorini




WHAT DOES MADLOOP REALLY COMPUTE?

A(n 1)A(n O)*‘non— R, = S‘ S‘ (S‘ )\(1) ddg Hi\l/;h l1 ) (Z )\(O)Bh b)
colour h "

=SS S Red | [ att 2y B A = N AN
h 1 b

ml—]_ . ’
_ Hz’:O Dz’l i colour

\ 4
d%e

T'max

OpenLoops parametrization N Z C L(;) on B

A A0

non— Ro

S‘h ylet S‘b/\/’hl( )Alb
H?;l(t) 1D’L Lt

A A0

= ZRed
t

non— Ro

[1111.5206]
F. Cascioli, P. Maierhofer, S. Pozzorini

) g,ul ] . T'max
L) Red[] inputs are { / de mlt_l 777023 il Al Bh,b} -

Hi:o Di et =0




HoOw DOES ARE THE LOOPS COMPUTED

T'max

_ P ~ _(r
{/ddﬁ > > > C;(Ll) ,urhlAlehb}

mlt
Hi:O D; i h et

r=0




HoOw DOES ARE THE LOOPS COMPUTED

_ pm . X fmax
{/dd€ mlt—l YS‘YCIL(“) ,ur,hlAleh,b} .

[Li=6  Dit let r—0

—

OPP as implemented in
ClltTOOlS [0711.3596, G. Ossola, C.G.Papadopoulos, R Pittau],

Samura'l' [1006.0710, P Mastrolia, G. Ossola, T. Reiter; F. Tramontano]




HoOw DOES ARE THE LOOPS COMPUTED

_ . X fmax
{/ddﬁ mlt—l YYYC;(“) ur,thlb Bh,b} ’

Hq;zo Dy, et —

—

OPP as implemented in TIR as implemented in

ClltTOOlS [0711.3596, G. Ossola, C.G.Papadopoulos, R Pittau],

PJFry++ (14050301, . Fleischer T. Riemann,V.Yundin] ,
Samura'l' [1006.0710, P Mastrolia, G. Ossola, T. Reiter, . Tramontano] COLLIER 100520706, A Denner. S.Dittraier]
: Tat . ’

IREGI [to appear, H.Shao]




HoOw DOES ARE THE LOOPS COMPUTED

_ym . e
{/CM mlt—l YYYC() ur,hlAlehb} ‘

Hi:O Dy, et —

—

OPP as implemented in TIR as implemented n

ClltTOOlS [0711.3596, G. Ossola, C.G.Papadopoulos, R Pittau], PJFI‘y++ 114050301, J. Fleischer T, Riernann,V.Yundir]

Samura'l' [1006.0710, P Mastrolia, G. Ossola, T. Reiter, F. Tramontano] COLLIER 100520706, A Denner. S Dittrnaier]
: Tat . ’

IREGI [to appear, H.Shao]

Reduction technique Reduction time
forgg>tt~g ( % relative to total time, hel summed.)

OPP (double prec.) 16.3 ms (7%)

PIFry++ 55 ms (19%)

TREGI 295 ms (66%)

OPP (quad. prec.) 1630 ms (7%)




HoOw DOES ARE THE LOOPS COMPUTED

_ M r * o
/dd€ mzt—l Yy‘yc( ) Mr,hlAlb Bh7b
Hz_() ’L L let r=0
OPP as implemented in TIR as implemented n

ClltTOOlS [0711.3596, G. Ossola, C.G.Papadopoulos, R.Pittau], PJFI‘y++ 114050301, ). FleischerT. Riemann, V.Yundin] ,

Samura'l' [1006.0710, P Mastrolia, G. Ossola, T. Reiter; F. Tramontano] COLLIER 100520706, A Denner. S Dittrnaier]
: Tat ). ’

Stigglity plot forgg > tt~ g [ virt = QCD ] (opltimized mede, 100 points) IREGI [to appear, H.Shao]
e—e CutTools
e—e |REGI
e—e PJFry++
Reduction technique Reduction time
. forgg>tt~g ( % relative to total time, hel summed.)
E OPP (double prec.) 16.3 ms (7%)
: PIFry++ 55 ms (19%)
IREGI 295 ms (66%)
OPP (quad. prec.) 1630 ms (7%)

1072
10t 1016 1015 1014 1013 1012 1o11 1010 10° 10°% 107 10 107
Maximal precision



OPEN-LOOPS

[S. Pozzorini & al. hep-ph/1111.5206]

e Lite-Motive: Be Numerical where you can and analytical where you should.

Tmaa:

N(I#) = 3" Oy 1004 - 10

r=0




OPEN-LOOPS

[S. Pozzorini & al. hep-ph/1111.5206]

e Lite-Motive: Be Numerical where you can and analytical where you should.

N (1) = Z C/(];)ul qHogs L phr
r=0

e How to get these coefficients? (Waveftunction and 4-momenta indices now omitted)




OPEN-LOOPS

[S. Pozzorini & al. hep-ph/1111.5206]

e Lite-Motive: Be Numerical where you can and analytical where you should.

N =" Chigpy o 101 10
r=0

e How to get these coefficients? (Waveftunction and 4-momenta indices now omitted)

(T) Z w Z’L V("“ 0,1) Z fU;lZ

1=0




OPEN-LOOPS

[S. Pozzorini & al. hep-ph/1111.5206]

e Lite-Motive: Be Numerical where you can and analytical where you should.

NI = N7 Oy 101 1
r=0

e How to get these coefficients? (Waveftunction and 4-momenta indices now omitted)

r T




OPEN-LOOPS

[S. Pozzorini & al. hep-ph/1111.5206]

e Lite-Motive: Be Numerical where you can and analytical where you should.

"max
N (1) = Z C&Ll...url“ol“l L b
r=0
e How to get these coefficients? (Waveftunction and 4-momenta indices now omitted)
r T
I ST S
i=0 i=0
Wl(o) —w) =1




OPEN-LOOPS

[S. Pozzorini & al. hep-ph/1111.5206]

e Lite-Motive: Be Numerical where you can and analytical where you should.

NI = N7 Oy 101 1
r=0

e How to get these coefficients? (Waveftunction and 4-momenta indices now omitted)

r T

(r) _ 7 (r=0,1) _ i i
Wj — Zw;-lz 4 = Zvjl
i=0 i=0
Wl(o) —w) =1




OPEN-LOOPS

[S. Pozzorini & al. hep-ph/1111.5206]

e Lite-Motive: Be Numerical where you can and analytical where you should.

NI = N7 Oy 101 1
r=0

e How to get these coefficients? (Waveftunction and 4-momenta indices now omitted)

/’n

Vi =l
1=0

Wit = (vl + 03)0d (01l + v))uw?




OPEN-LOOPS

[S. Pozzorini & al. hep-ph/1111.5206]

e Lite-Motive: Be Numerical where you can and analytical where you should.

NI = N7 Oy 101 1
r=0

e How to get these coefficients? (Waveftunction and 4-momenta indices now omitted)

/'4

Vi =t
1=0

Wit = (vl + 03)0d (01l + v))uw?

.. or end of loop and C2) = V3VHVTWY, c) — vow$ (v3vp + vavy),CY = - -




A NEW WEAPON FOR
THE BSM CHASE.




FEYNRULES @ NLO (VERSION 2.1)

[Alloul, Christensen, Degrande, Duhr, Fuks]

X RIS
' Interfaces or UFO
FeArs | CicHep | Sherpa
 Whizard  MadGraph5  HERWIG
 ValemtinHirschiSLAC  LoopFestXHLNYCCT 18062014 2




FEYNRULES @ NLO (VERSION 2.1)

[Alloul, Christensen, Degrande, Duhr, Fuks]

-+

Needed for the
computation of UV

(and R2) counterterms
[C. Degrande, 1406.3030°

Iqund pu® MIN]




EX.: RENORMALIZING THE TWO HIGGS DOUBLET MODEL

6ZH+H+ -

1 2%11; 4 Mzmpg+ 1 2 2
1672 [ 4c2 s2 m4 (ZmH+ (log (T T T — M+ M

H*

+ (m2. — M2) (‘ (mar+, Mz, my+) + (2miy. — M7) log (mM » )))

H+

%53 1 (Mw,mp,,my+)
+ 48,,2mA 2 2 2 2
w tHE ((mh1 - Mw)" - mH+) ((m’h + MW) - mH+)
(+M3V (m,zum"}ﬁ — 2m‘},+ + 5m¢u) -2 (mfll - m§{+) (m‘}ﬁ + m;‘,l) + M‘?V

1 M
—Miy (m2y +4m3 ) +m. (2m§,+ (E +1—log ( VZ’,‘,"’“ )) —2m} + M&V)

’U2 (A481 - 261)\6)2
4m‘}q+

Mp
+log (Mv;) (M, — 3m2. M3, +2m§1)) +

My —mj, (mfy. +2Myy) — Mgymy,, +my,
1 (M
((m’411 - 2mh1 (mH+ +M2 ) (mH+ — M2 )2) ( W,mh,,mH+)

((mhl M) log (Mw) m12t1+)) +hy = hg,c1 - 81,81 > —1

’02 (61)\3 — /\731 )2

7
My,

2 2
m, m; —3m
(((m%,+ - mfll) log ( hy ) - mfﬁ) - wl(m}]+,mhl,m1{+))

my+ dmiy . —my,

2
+h1—»h2,c1—>sl,sl—>—c1}—ZG’l( log( [.l, )+1+17l'+1)

+h1 —>h3,c1 —>O,81 - 1}+{

l

—3Z(G3+Gﬁ)< log(: )+1+z7r+1)

light

M2 oM?) + M2 — M — M}
_12GG MM, ([ M (i, +2M7) + Mimy, — My — M ! (s Mos )
mi, —2MZ (m%, + MP) + (m3. — M?)2 +

(e~ ) o (4))) 22D

H+
(M + M?) (—MZ (m%, +2M}) — Mm%, —mb,, + M} + M) +m§,,
—2M2 (m%,, + M) + (m%,, — M2)* + M}

+ (M2 + M7) (mH+ — (Mg — M?)log (]XI,A)) + M (1 +1-log (MZQ’I‘)) )]

H* WAVEFUNCTION
RENORMALIZATION
CONSTANT IN 2HDM
FOR QCD, QED AND
EW CORRECTIONS...

... AUTOMATION WAS
MUCH NEEDED HERE



EX.: RENORMALIZING THE TWO HIGGS DOUBLET MODEL

1 2(% MzmH+ 1
0z = 122 2mé 1 ZZIMHY ) 2 2. M2
H+H+ 1672 l iz m‘;ﬁ- ( M+ (Og ( 2 z M+ Mz

+ (m2. — M2) (‘ (mar+, Mz, my+) + (2miy. — M7) log (mM » )))

H+

e?s? 1(Mw,mp, ,mpg+)
+{48"’2m§” (((mhx Mw)® - mH+) ((mh, + MW)2 - m?ﬁ) H + WAV E F U N CT l O N

(+MW (m,zumfﬁ 2mH+ + 5mh1) 2 (m?ll - m%ﬁ) (m‘}ﬁ + m}’,l) + M‘?V

— M}y (m2ys +4m2)) +m, (2mn+ (%+1—log (MVZ';"'lhl)) —om?, +M3V) RENORMALIZATION
10g () (asf —3m§lMﬁ,+2m‘}”)) L (A4i;n%iclAe)2 CONSTANT IN 2HDM

(i o v ) i o, | FOR QCD, QED AND
my —2mj (m2, + M) + (m¥y, — M§,)? W Tt IR
( (e M) e M) EW CORRECTIONS...

((mhl M) log (Mw) m%{+)) +h1 = hg,c1 - 81,81 > —¢1

2
’02 (61)\3 — /\731)
mi,

+h1 —>h3,c1 —>O,81 - 1}+{

2 2

m m; —3m
(((mgl*f _mil)log (m;i) _m§{+) - Hl (mH"'!mhan"'))
H+ 1

2
+h1—»h2,c1—>sl,sl—>—c1}—ZG’l( log( [L )+1+’l7l'+1)

l
m2, 1
—3Z(G3+Gﬁ)( log( )+ +z7r+1)
light u'
_ 12GyGe My M, ( M (m2,, +2M2) + MZm2,, — M} — M}

... AUTOMATION WAS
mi; . —2M2 (m2, + M?) + (m%. — M?)% + y I(M‘ My, mi+)
(s 022 - Mg)(log(-g:))))_mw,mmm MUCH NEEDED HERE

My
(M + M?) (—MZ (m%, +2M}) — Mm%, —mb,, + M} + M) +m§,,
—2M2 (m%,, + M) + (m%,, — M2)* + M}

+ (MF + M?) (mm — (Mg — M?)log (11:/[/[‘)) + M (1 +1-log (MZQ’I‘)) )]

m3 + m3 —m3 + /(m] + (m3 — m3)? — 2mi(m3 + m3))>

2m1m2

WITH 1(my,mo,m3) = log(

x/(md + (3 — m3)2 — 2m3(m3 +m3)).



HANDLING BSM MODELS

UFO MODELS @ NLO

-+ Additional features in UFO@NIL.O: : :
Specify UV and R2 vertices BSM models under validation
Higgs effective theory
CTParameters 2 Higgs doublet model
MyCTParam = CTParameter(name = ‘MyCTParam’, SUSY
type = ‘real’, EW/OED corrections
value = {—1:‘A*,0: ‘B‘} \"
texname = ‘MadRules) Anomalous top FCNC eft. th.
CTVertices

CouplingOrder

V_GGZA = CTVertex(name = ‘V_GGZA‘,
particles = [P.G,P.G,P.Z,P.4],

NS 1
color = [‘Tr(1,2), expansion_order

lorentz = [L.R2_GGVV], + perturbative_expansion
Loop particles = [[[Pu, [P-cl, [P.t]], [[P-d], [P.5], [P-5]], o hErarel

couplings = {(0,0,0) : C.R2_.GGZAup, (0,0,1) : C.R2.GGZAdown},

type = ‘R2‘)




A LOOP MODEL DATABASE

Available models

Standard Model

Simple extensions of the SM (18)

Supersymmetric Models (5)

Extra-dimensional Models (4)

Strongly coupled and effective field

theories (8)

Miscellaneous (0)

The SM implementation of FeynRules, included into the distribution of the FeynRules package.

Several models based on the SM that include one or more additional particles, like a 4th generation, a second Higgs
doublet or additional colored scalars.

Various supersymmetric extensions of the SM, including the M55M, the NMS5M and many more.

Extensions of the SM including KK excitations of the SM particles.

Including Technicolor, Little Higgs, as well as SM higher-dimensional operators, vector-like quarks.




A LOOP MODEL DATABASE

Available models

Standard Model

Simple extensions of the SM (18)

Supersym
Fxtra-dim

strongly ¢
theories (|

Miscellane

metric Models (5)

NP JU—— N P P Y

Axigluon model
DY SM extension

FCNC Higgs interactions
Fourth generation model
General 2ZHDM

Hidden Abelian Higgs
Model

HiggsCharacterisation
Higgs effective theory

Higgs Effective
Lagrangian

Hill Model
Inert Doublet Model

Minimal Zp models
Monotops
Sextet diguarks

Standard model +
Scalars

Triplet diguarks

Type 111 See-S5aw Model

The SM implementation of FeynRules, included into the distribution of the FeynRules package.

doublet or additional colored scalars.

Several modets-basad.an the SM that include one or more additional particles, like a 4th generation, a second Higgs

Various supersymmetric extensions of the SM, including the MS5SM, the NMS5SM and Tamy-rRese___

[ R S i — i E T T e R | R [ RS | R T PR —— N T =] N (R S ) -

Short Description

The SM plus a scalar gluon field.

The SM plus new spin-0, -1, and -2 bosons that contribute to Drell-Yan production of leptons

at the LHC.
The SM plus higher-dimensional flavor changing Higgs interactions.
A fourth generation model including a t' and a b’

The most general 2HDM, including all flavor violation and mixing terms.

A Z' model where the Z' interacts with the SM through mixings, leading to very small non-SM

like Z2' couplings.
The model file for the spin/parity characterisation of a 125 GeV resonance.

An add-on for the SM implementation containing the dimension 5 gluon fusion operator.
Higgs effective Lagrangian including operators up-to dimension 6.

A model with an unusual extension of the SM Higgs sector.

A model with an additional complex scalar SU{2)L doublet and an unbroken Z2 symmetry
under which all SM particles are even while the extra doublet is odd.

The minimal 2" extension of the SM.
The SM plus monotop effective Lagrangian.
The SM plus sextet diguark scalars.

The SM, together with a set of singlet scalar particles coupling only to the SM Higgs, and
allowing it to decay invisibly into this new scalar sector.

The SM plus triplet diquark scalars.

The SM, including neutrino masses coming from a type III See-Saw mechanism.

Contact

5.

Krastanov

M. Christensen

L.

B.

. Krastanov
. Duhr

. Duhr, M. Herguet

. Duhr

de Aguino, K. Mawatari

. Duhr

. Alloul, B. Fuks and V. Sanz

de Aguino, C. Duhr

. Goudelis, B. Herrmann, O. Stal

Basso

Fuks

J. Alwall, C. Duhr

C.

Duhr

J. Alwall, C. Duhr

c.

Biggio, F. Bonnet

Status

Available

Available

Available
Available

Available

Available

Available

Available

Available

Available

Available

Available
Available

Available

Available

Available

Available



A LOOP MODEL DATABASE

Available models

Standard Model

Simple extensions of the SM (18)

Supersymmetric Models (5)

Extra-dimensional Models (4)

Strongly coupled and effective field
theories (8)

Miscellaneous (0)

The SM implementation of FeynRules, included into the distribution of the FeynRules package.

Several models based on the SM that include one or more additional particles, like a 4th generation, a second Higgs
doublet or additional colored scalars.

Various supersymmetric extensions of the SM, including the M55M, the NMS5M and many more.

Extensions of the SM including KK excitations of the SM particles.

Including Technicolor, Little Higgs, as well as SM higher-dimensional operators, vector-like quarks.

NLO MODELS (100000)

SOON!




A LOOK AHEAD...

* On-going developments :
» Validation of automatically generated NLO UFO BSM models

« Automated subtraction and matching for mixed corrections
(loops are done)

* More efficient MadlLoop output for loop-induced processes
and their automatic integration.

* Systematic study of numerical stability with different TIR algos.

« On-going applications (just a taste)
« Semi-automated study of EW corrections top p - tt H

« NLO QCD for SUSY processes with compressed spectra.



THE END.




BACK UP SLIDES




MADLOOP TIMINGS

Process tpol [ms] | Nhel |tunpol [ms] Polarized timing competitive
uu~ >t ot 0.52 3/16 0.72 tg—9 : t9-3 : t9—4 S 1:40: 800 ms
U u~ > W w 0.43 10/36 1.00
ud~->ure 0.87 6/24 1.51 Unpolarized timing
gg~>tt~ 2.51 6/16 5.42 Good enough for 2 — 3
uu~->tt~g 7.44 16/32 27.5 and almost all 2 — 4
U u~ > Ww g 9.3 36/72 81.8
ud~->wgeg 13.5 12/48 36.9
gg-ttvg | 408 | 3232 | 381 Higher multiplicity
AT v —y 010 2 — 5 generation feasible
UU~v > Ww g g 166 79/144 28920 But computation relatively slow,
Udv>wgge 260 24/96 17310 so only useful to cross-check
gg-ttgeg | 826 | 64/64 | 16900 other codes
(Ex. gg~gggg successfully cross-checked
udv->wggegs 9400 | 48/192 | 90900 vs NJetlS: Badger, V. Yundinl)




TIMING OF THE OPENLOOPS
COEFFICIENTS COMPUTATION

Process unpol teoef/ trot pol teoef/ trot Nloops / Nloop_groups
uu~ >t t~ 42% 20% 8/14
U u~ > whw 69% 21% 5/6
ud~ > wg 52% 16% 9/11
gg~>tt~ 66% 25% 26 /45
uu~~>tt~g 78% 18% 54 /128
U u~ > whw g 91% 24% 40/ 98
ud~->wgeg 69% 17% 61 /144
gg-~>ttyg 92% 29% 164 / 556
uuv->tt~gg 88% 22% 374 /1530
Uu~ > ww gg 95% 25% 260 /1108
udv->wggseg 84% 20% 4056 /1827
gg~>ttrgg 97% 35% 1168 /7356
udv->wgggsg 94% 21% 3255/ 25666




DEFAULT VS OPTIMIZED TIMINGS

MadLoop5 opt vs default polarized eval. time per PS point

104: . T ¥ T LA L B R |
- ® gg-otf+ng @ Open—loop
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A BASIC REMINDER

THE EVOLUTIVE WAY OF COMPUTING TREE-DIAGRAMS

e First generates all tree-level Feynman Diagrams

e Compute the amplitude of each diagram using a

chain of calls to HELLAS subroutines

e Finally square all the related amplitude with their
right color factors to construct the full LO amplitude



GENERATING LOOP DIAGRAMS

e Instead of using an external tool for loop diagram generation, we recycle
MadGraphb algorithm for tree level diagram generation.

e A loop diagrams with the loop cut open has two extra external particles.
Consider e*e” = u u~ u u~ (loop particles are in green). MadLoop will generate
8 L-cut diagrams. Here are two of them:

1
e All diagrams with two extra

particles are generated and the
ones that are redundant need
be filtered out

e Fach diagram gets an unique 2
tag: any mirror and/or cyclic
permutations of tags of
diagrams already in the set are
taken out

e Additional filter to eliminate
tadpoles and bubbles attached

to external lines




STABILITY TESTS AND RECOVERY

Stability probed via two methods:

* Loop reading direction : DgD1...Dp.1Dp = DypDp.1...D1Dg
w Advantage: The coefficients of N(q) need not be recomputed.

* Two PS point rotations : (E,x,y,z) = (E,z,-x,-y) and (E,x,y,z) = (E,-z,y,x)

 Accuracy estimation : These independent computations Ei(P?) of the same
quantity provide an estimation £PP) of the numerical accuracy of the result

provided.

If unstable :
» Switch to other reduction methods if available (i.e various. TIR algos) and
perform stability tests again.

It still unstable :

* Automatic switch to QP : MadLoop recomputes, on the flight, the loop
ME for the unstable point, and its stability evaluation yields £QP). If £(QP) is
acceptable then point 1s UPS if not 1t 1s EPS

* [EPS are inexistent from a practical point of view, but UPS can become a
threat as their computation i1s 100 times slower.



